Biomedical studies suggest that a person's behavior matters to health, but these studies usually treat human choice as exogenous. This study shows that individual choices on nutrient intake, exercise, and use of medication are influenced by exogenous food prices, wages, and non-labor income. Using these exogenous variables as instruments for endogenous behavior makes a big difference in the estimated impact of nutrient intake, exercise, and medication on blood pressure. For example, application of instrumental variables methods changes the impact of sodium on blood pressure from positive to negative and significant.
In his 1993 Nobel Prize speech, economic historian Robert Fogel documented how dramatic improvements in human health and lifespan over the last century have increased labor productivity and economic growth. These health improvements were largely ascribed to better nutrition and to an enhanced ability of consumers to transform nutrition information into desired health states. At the same time, Fogel called for joint use of biomedical and economic techniques of analysis so that the consequences of better nutrition for human well-being can be more deeply probed. The combined techniques would yield insights otherwise unobtainable when relying on one of the disciplines alone.
Fogel's plea for combined techniques rarely has been heeded, either in the biomedicine or in the health economics literature. Biomedical studies adhere strictly to a mind-body dualism perspective that sees mental and biochemical processes as separable. This view holds that the conceptual tools of chemistry and physics when applied to the body will ultimately suffice to explain observed associations between nutrition choices and human health outcomes. The possibility that nutrition choices are made conditional on health outcomes is not formally modeled. Instead, epidemiological approaches customarily treat endogenous dietary choices as exogenous.
1 Consequently, estimates obtained with these approaches of the responses of underlying biological processes to changes in nutrient consumption are biased and not consistent. Most of the economics literature in the health-nutrition area has focused on the willingness of the public to select eating habits consistent with the biomedical findings (e.g., Behrman and Wolfe, Kenkel, and Variyam et al.) . By accepting the causal implications of the biomedical model, the economics literature exhibits a curious inconsistency. In particular, a person is viewed as caring about his health state and having the discretion to affect health via choices of what he eats. However, the knowledge base from the biomedical research does not address the role of those endogenous nutrition choices on health outcomes.
Nutrition studies that show how health inputs are simply manifestations of people's choices are limited in number and appear to reside exclusively in the economics literature, for example, Behrman and Deolalikar, Pitt and Rosenzweig, and Strauss. Those few attempts in biomedicine to introduce behavioral considerations do not formally model how individuals' decisions about what they eat depend upon prices and income. Consequently, the estimated health response to a price-induced change in any one nutrient will be an amalgam of the health responses to changes in consumption of all health inputs induced by the original price change.
Though, in principle, laboratory studies of the health consequences of nutrient intake can eliminate the endogeneity issue through experimental controls, extrapolations of laboratory results in the form of dietary recommendations may prove misleading. Nutrient choices, which are constrained by the experimental design, may not reflect the unconstrained choices of consumers. Consequently, recommended changes in the consumption of one nutrient may induce people to alter their consumption of other health inputs as well. The extent to which they choose to do so depends on factors such as preferences, wages, prices, and income (Shogren and Crocker) . Thus the everyday health consequences of following the recommendation may differ from the laboratory result.
This article integrates an economic analysis of behavioral dietary choice with an epidemiological analysis of adult blood pressure in a heterogeneous population. Some 50 million Americans have high blood pressure, which increases risk of heart attack, stroke, and renal failure (Joint National Committee). Establishing consistent estimates of the response of blood pressure to eating behaviors is critical for informed health policy interventions. We estimate the signs and parameters for blood pressure responses to changes in personal diet, exercise, and medication regimes, assuming that people can choose these health inputs, and that economic variables such as wages, food prices, and income influence these choices.
The empirical results we obtain by devoting systematic attention to the endogeneity of health inputs and to their measurement error frequently differ in magnitude and occasionally in sign from those reached when the endogeneity and measurement error issues are not addressed. For example, consistent with Atkinson, Crocker, and Williams, and Midgley et al., we find that sodium appears to have no significant impact on blood pressure when endogeneity and measurement error in health inputs are overlooked. When this endogeneity and measurement error are controlled, higher sodium intake is associated with lower blood pressure. While this is the opposite of what most people expect, it does support a strongly held view within the biomedical literature that the link between sodium intake and health states is inconsistent, at best (see Alderman) .
The remainder of this paper is organized as follows. The section on model of health production and diets explains how we have adapted the standard household model of health production to the adult blood pressure and diet question. After a description of the features of the sample of our data, we portray the estimation issues we face in the next section. Empirical results are explained in the subsequent section and finally we conclude the paper.
A Model of Health Production and Diets
Our empirical model is adapted from the household theory of health production (Becker, Grossman, 1972a , 1972b . In this theoretical framework, a person combines time, human capital, and purchased goods to produce utility from health, leisure and other commodities. The person values the purchased goods (e.g., food, exercise bicycles, medication) because they produce characteristics (e.g., nutrients, deliciousness) necessary for the production of utility. Let
be the individual's weakly separable, wellbehaved utility function, where H is a health state, L is leisure, and Z is a composite of purchased goods which do not contribute to bodily health.
Also define the individual's health function as
where N i, , i = 1, . . . , k, is his consumption of nutrient i, E is the exercise time, and M is the "level" of medication consumed. Let Φ be a vector of exogenous observable personal and environmental attributes (e.g., education and gender) that may affect both (a) his allocative efficiency across health inputs and (b) the marginal contribution any particular input makes to his health. Let be a vector of similarly exogenous but unobservable attributes such as genetic ability and health endowments. Expression (2) reflects the pure epidemiological model, in which economic variables like input prices play no role in determining health states; for convenience, we call this the Epi-only model.
We now continue to build the economics into the model. The person maximizes utility subject to expression (2) and a full-income budget constraint:
where V is non-labor income, W is market wage, T is total time that can be allocated to leisure, work, or exercise, P i are nutrient shadow prices, P z is the price of the composite good, and P M is the price of medication. We presume the person's health practices, including what he eats, contribute neither to his work time nor to his wages. First-order conditions from constrained maximization frameworks like that above state the person maximizes utility by setting to zero the net benefits of additional consumption of each health input. The utility maximizing health input is the product of the effect of the input upon health and the effect of health upon utility. Reduced-form demand functions for the inputs, characteristics, and commodities have the general form
where
is the set of utility-maximizing demands for nutrients, exercise, medication, the composite good, non-health purchased goods, and leisure. Substitution of the optimum choices of nutrients, exercise, and medication from expression (4) into expression (2) yields the reduced-form health function
Expression (5) says that the individual chooses his health state, conditional on prices, wages, income, and exogenous tastes and endowments. These factors work their way through to his health state through their impact upon the consumption decisions he makes about health inputs. Health states are endogenous.
Consider, for example, the effect upon observed health, H * , of a change in the shadow price, P j , of nutrient j.
The change, dH * , in optimal health induced by a change in the jth health input price depends upon the relative magnitudes of changes in the consumption of all health inputs (
) and the effect of these consumption changes upon health (
Own and cross-price effects in the demand for health inputs in expression (4), as well as the underlying biological process represented in expression (2), influence the observed health state. Empirical specifications guided by the reduced-form model of expression (5) produce estimates of the total effects of the relative prices of health inputs upon health states. Specifications guided by the structural model captured by expressions (2) and (4) allow biological and economic contributions to health states to be distinguished.
Features of the Sample
Our sample consists of 1,982 people who participated in the second cycle of the U.S. National Health and Nutrition Examination Survey (NHANES II) between February 1976 and April 1978. NHANES II examined its participants' blood pressures and used questionnaires to acquire information on their medical histories, food consumption in the non-holiday weekday immediately preceding the day of the blood pressure examination, and demographics. NHANES is one of the most comprehensive data sets on health and nutrition available. To the best of our knowledge, this article is the only one that matches any NHANES data to price information.
We employ six types of variables in our empirical analysis. They are: (1) blood pressure; (2) food consumption; (3) food prices; (4) wage, income, and employment; (5) endogenous non-food health inputs; and (6) health endowments. Below we discuss in turn key features of these variables. measure. In our empirical analysis, we treat this health indicator as measured with random error. The food consumption information in NHANES II is defined as the consumption of standardized servings per day or per week. We use information on consumption of ten food groups for which independent price information was available. The groups are: whole milk (MILK), eggs (EGGS), sugar (SUGAR), coffee (COFFEE), cola (COLA), mammalian meats (MEATS), poultry (POULTRY), fruits and vegetables (FRUIT-VEG), cereals (CEREALS), and fats and oils (FATS).
NHANES II translated this food consumption information into daily intakes of 17 nutrients. Our work includes nine of those nutrients that our review of the biomedical literature said could alter blood pressure.
3 These nutrients are: FAT, CALCIUM, POTASSIUM, SODIUM, VITAMIN C, CHOLESTEROL, RIBOFLAVIN, FATTY ACID, and OLEIC ACID.
Our sample size was reduced from 28,000 people of all ages to 1,982 adults because NHANES II reports no food prices. Thus, 1,982 individuals include all those in NHANES II who between 1976 and 1978 resided in one of the 11 SMSAs for which the U.S. Bureau of Labor Statistics (1976-78) reports food prices for our ten food groups. 4 We used the original retail food price data, deflated to January 1976 dollars. The actual food price data allow us to retain measures of relative price levels across commodities and cities, as required to identify nutrient demands.
Though NHANES II provides information on household income, it says nothing about the individual survey participant's wage, the price of his time. Because individual investments (particularly exercise) involve time as well as money, we required an estimate of the individual's price of time. Wage estimates for NHANES II individuals were generated using the parameters for a wage equation estimated from the 1978 Current Population Survey (CPS). Regressors used in the CPS were also incorporated in the NHANES II survey, providing a basis to extrapolate the Survey predictions to the NHANES II sample individuals.
Hourly wage estimates (WAGE) were generated via ordinary-least-squares by regressing the natural logarithm of CPS wages (total annual earnings divided by annual work hours) on dummies for industry, occupation, region, education, and age. 5 Heckman's correction was applied to correct the parameter estimates for possible sample selection from individuals who have chosen not to participate in the labor market.
6 Thus the survey wage estimates apply to any individual, whether or not they actually held a job at the time of the survey.
The endogenous non-food health inputs registered in NHANES II are limited to the participant's subjective, categorical view of the extent to which he engages in recreational EXERCISE (self-defined as very inactive, moderately active, or very active) and a participant statement as to whether or not he regularly took medication (MEDICINE) for a health condition-any health condition, which could either increase or decrease blood pressure depending on the medicine. EXERCISE is quantified as a 1-3 scale, in which 1 = very inactive, 2 = moderately active, and 3 = very active. MEDICINE is a 0-1 binary variable, in which 1 means the person takes medication regularly for any health condition; 0 otherwise.
NHANES II incorporates a number of indicators of participants' exogenous health endowments, including age in years (AGE), income (INCOME), gender (MALE = 1), education in years (EDUCATION), and number of persons in the household (HHOLD SIZE). Note, however, that this list of health endowments measures on which we do have observations by no means exhausts the possible sources of exogenous variation among participants in their health states. The participant may have known, for example, his upbringing and his genetics, but NHANES II did not gather such information. We address this issue in the next section.
Estimation Issues
The estimation issues intrinsic to this paper are clarified by initially considering a benchmark, purely epidemiological model, the Epi-only model, of the blood pressure-health input relationship in which all health inputs are treated as exogenous. The Epi-only estimation presumes that the prices of these inputs play no role in the determination of health states (e.g., Bursztyn). Such a model can be written as a stochastic version of the health function in expression (2):
where is an error term. This specification has at least three inadequacies as a device to study the blood pressure-health input relationship. First, note that expression (7) does not separately label the vector of exogenous but unobservable health-influential attributes, , of expression (2). In (7), these attributes must therefore occupy the error term, . But as expression (4) reveals, the quantity of health inputs a person engages depends upon these exogenous but unobservable attributes, implying that the error term in (7) and the health inputs a person chooses are not independently distributed (Geraci) . This problem remains even if one adheres strictly to the mind-body dualism of the biomedical perspective. If exogenous, unobserved biochemical attributes such as genetics drive people to eat what they eat, then the error term and the observed health inputs in (7) would be correlated. While explicitly recognizing in our empirical work that people have some discretion over their health input practices, we also employ a consistent estimation procedure that corrects for this unobserved heterogeneity in biochemical and other attributes.
Second, the nutrient intake terms, N 1 , . . . , N k , of expression (7) may be measured with error. As in numerous nutrient studies (e.g., Huang), by presuming a fixed coefficient, Leontieff-type matrix relating nutrients to foods, nutrient intakes become a simple stochastic function of food intakes.
where F j is consumption of food j, and a i j is the amount of nutrient i that food j yields. The random error term, ␦ i , represents the discrepancy between the true magnitude and the unsystematic sources of error (differences in the content of nutrient i across items in particular foods, participants' imperfect food consumption recall) in observations of the intake of nutrient i. Measurement error in the N i will lead to inconsistent and biased coefficient estimates in (7).
Note that measurement problems in the N i will also create errors in measures dependent upon N i . In this model, the utility from food depends on the nutrient content, such that the nutrient shadow prices can be derived from the food prices by the following formulā
which is derived by taking the expectations of equation (8), dividing by average nutrient intakeN i , and weighting each food quantity by its related price, P F j . The term in parentheses is the food j share of nutrient i consumption. Because N i is observed with error,P i will measure the true shadow price with error. Equation (9) then represents the first-order approximation to this functional representation:
In principle, j could be imposed by estimates of food j's share of nutrient i. These shares, however, would be subject to measurement error because of the errors in observed versus true nutrition, ␦ i .
Third, the non-food health inputs, EXERCISE and MEDICINE, for which we have data, are measured with error. In particular, perception of what constitutes "active" levels of recreational exercise and "regular" taking of medication may differ across participants in the NHANES II sample.
Both measurement error and endogenous variable problems can be handled by instrumental variable methods. shows that instrumental variable methods result in consistent estimates. shows the same for the case of endogenous regressors. Full information methods yield efficient estimates. However, our application requires the use of two-stage estimation because of the mixture of continuous and discrete endogenous regressors in equation (7). Two-step estimators are not efficient. Gujarati suggests using bootstrap methods to generate the correct standard errors in two-step processes.
Empirical Results
This section reports three sets of estimates. We first provide benchmark Epi-only model estimates for expression (7), the stochastic version of the biochemically motivated health function in expression (2). We then describe two sets of estimates for our alternative worldview in which human discretion has a role in the determination of blood pressure. We provide estimates for the reduced-form health function in expression (5)-the Reduced-form model, and then for the structural system defined by expressions (4) and (2)-the Structural model. This structural system first requires estimation of the equations in the health input demand system in expression (4). The predicted utilitymaximizing values for these health inputs are then inserted into the right-hand side of expression (2). This process was repeated 100 times, sampling from the original data with replacement, to generate bootstrap estimates of the standard errors of coefficients.
Benchmark Epi-Only Blood Pressure Production Function
The first column of table 2 reports the ordinary-least-squares (OLS) estimates of the benchmark Epi-only model represented by expression (7).
7 All statistically significant coefficients in table 2 have signs conforming to findings common in the biomedical literature. When the signs in table 2 differ from those predicted by the biomedical literature, the associated coefficients fall well short of statistical significance. Table 3 reports OLS estimates of the Reducedform health function model consistent with equation (5). The estimation uses food prices directly rather than creating nutrient shadow prices as in expression (9). Food prices will be highly correlated with these shadow prices while not being susceptible to their measurement error problems.
Reduced-Form Blood Pressure Function
8 Table 3 demonstrates that systolic blood pressure responds to variations in food prices.
7 A translog form of expression (7) was estimated. A joint test of the significance of its 66 additional terms could not reject the more parsimonious Cobb-Douglas form.
8 Sources of unobserved health endowment heterogeneity such as genetics and upbringing are assumed to be contemporaneously uncorrelated with food prices, income, and wages, thus implying that the table 3 coefficients are consistent. Of the food prices included in the regression, only the price of cereals fails to have a statistically significant effect on systolic blood pressure. The price elasticities are small-all are below 0.1 in absolute value. Increases in the prices of whole milk, sugar, coffee, meats, and fats and oils reduce systolic blood pressure, while increases in the prices of eggs, cola, poultry, and fruits/vegetables raise systolic blood pressure. These patterns are consistent with dietary choices that, for example, substitute toward poultry when the relative price of meats increases and away from fruits and vegetables when the relative price of fats and oils declines. Variations in food prices change food consumption patterns, altering the sources and perhaps the amounts of nutrient intakes. Changes in food prices may also alter health activities choices such as EXERCISE and MEDICINE, which can modify the variation in health outcomes that could result from changing nutrient intake. 9 All the nutrient and health activity choices in table 2 must be viewed as endogenous in the estimation.
Structural Model Estimates of Health Input Demand Equations
Now consider the estimates of the Structural model. Expressions (4) and (2) guide the twostage estimation procedure for column 2 in table 2. Expression (4) requires initial estimation of a system of reduced-form demand equations for health inputs so that cross-price substitution effects among these inputs are taken into account. The predicted quantities of nutrient and health activity choices are then used as explanatory variables in estimating expression (2), the structural health function. By applying this two-stage consistent estimator, we guarantee closed-form solutions for the demand equation system, correct for measurement error, and account for the joint impacts of health endowments upon health input decisions and health states.
The explanatory variables in the demand equation system for the nine nutrients, recreational exercise, and medication were those included in table 3. OLS estimates of these health inputs demands were jointly significant from the 1 to 10% levels. Similar to results reported by Strauss and Thomas, the R 2 's for all of the first-stage health input demand equations were in the 0.10 to 0.20 range, except those for cholesterol and vitamin C being 0.09 and 0.06. Table 4 reports these estimates.
Fat and sodium intakes were inversely related to the price of fats and oils. Calcium intakes varied inversely with poultry prices and fruit and vegetable prices, and directly with meat prices and fats and oils prices. Calcium is found in dairy products, which are also sources of protein. Potassium intake and meat prices were positively related. Fruits and vegetables are primary sources of potassium. Except in these instances, the individual effects of food price variation on nutrient intakes were statistically insignificant. Also, food prices were similarly insignificant in ordered probit and probit models explaining recreational exercise and medication demand.
The other exogenous variables had greater statistical influence on health inputs than did food prices. Wages positively influenced potas-sium intake and negatively affected recreational exercise and medication. Grossman (1972a) and others have used a pure investment model of health to show that people who earn more are healthier, implying that they demand less medication. Any assignment of cause and effect between potassium and wages must be conjectural but one plausible connection is that more potassium intake over the intervals observed increases health and thereby wages. The negative association between wages and exercise is consistent with the well-known increasing opportunity cost of time as the wage rate increases. At sample means, the implied wage elasticity for exercise is −0.24, so a 10% wage increase will induce a 2.4% reduction in exercise. With the exception of the wage price of time, price elasticities are universally low. The highest, for example, is between calcium intake and fruit and vegetable prices-a 10% increase in the price of fruit and vegetables causes slightly less than a 1% decrease in calcium intake. These low price elasticities may reflect the numerous substitution possibilities our system of demand equations allows us to capture.
Though the magnitudes were small (0.045 to 0.085), the income elasticities for calcium, sodium, potassium, and vitamin C were statistically significant. Exercise and medication were not sensitive to income variation. The number of persons in the household was negatively related to sodium and potassium intakes. Consistent with the presence of a household liquidity constraint, medication demand fell with the number of household persons. Except for vitamin C, men demanded more nutrients than did women and they engaged in more recreational exercise. Women took more medication than did men. Other than cholesterol and fatty acids, more educated individuals demanded more of all nutrients and also exercised more. Given that education and wealth are strong correlates, when these nutrients are negative health inputs, the results are consistent with Grossman's (1972b, chap. III) pure consumption model of the demand for health; when they are positive health inputs, the result are consistent with his pure investment model. As age rose, demand for vitamin C, riboflavin, and medication increased while the demand for fats fell.
Taken as a group, the instruments used to identify health input demands performed well. An F-test of joint significance of the thirteen instruments (food prices, wages, income, and household size) could reject the null hypothesis that the coefficients were equal to zero in nine of the eleven first-stage equations. In addition, the F-test in the exercise equation had a marginal significance level just over the 0.10 threshold. Only in the cholesterol equation do the instruments fail to perform well as a group, suggesting that future work may need to explore the use of other identifiers of cholesterol intake.
As a further check on the presumed endogeneity of the nutrient and activity choices in table 2, a Hausman exogeneity test was applied to the benchmark OLS estimates. With an F-value of 7.36, the null hypothesis of exogeneity for all of the health inputs treated jointly in table 2 was easily rejected. This further amplifies the need for estimation methods that statistically identify health input choices when estimating health functions.
Structural Estimates of the Reduced-form Health Function
The two-stage results in the second column of table 2 demonstrate that taking account of endogeneity-i.e., assuming that people can choose their health inputs-has great impact upon the inferences one draws about the effects of health inputs on systolic blood pressure. For example, comparison of the results for calcium in columns 1 and 2 of table 2 shows that controlling for endogeneity makes that nutrient appear to be about twenty-five times more effective in reducing blood pressure than does the estimate assuming that calcium intake is exogenous. The findings of epidemiological and laboratory studies of purportedly exogenous sodium intake impacts on blood pressure are mixed (Midgley et al.) . Table 2 reproduces this ambiguity, a continuing source of controversy in the medical profession (see, e.g., Greenland, Zuger) . Sodium intake has no appreciable impact on blood pressure when it is treated as exogenous. But treating sodium intake as endogenous in column 2 results in a negative and significant estimated impact on blood pressure. The open question to which we can provide only a speculative response is why sodium intake has a negative effect on blood pressure. All experts agree that people need at least some salt. But the challenge with changing salt in the diet is that other things change too. The demand system we estimate reflects these multifaceted adjustments. The most recent study of people on the so-called DASH diet, a low-fat diet with more fruits and vegetables, finds that average blood pressure dropped significantly more with the change to low-fat foods relative to any restriction on salt (Sacks et al.) . Changing to the DASH diet could affect sodium intake in complicated ways when a person uses salt to compliment (read spice up) what might seem to many to be a bland diet of, say cooked broccoli and cauliflower. Our data is too crude to allow us to test any conjecture about the tastes of specific foods complementing each other. Note that Michael Alderman, an MD at the Albert Einstein College of Medicine recently argued that " [u] nfortunately, few data link sodium intake to health outcomes, and that which is available is inconsistent. Without knowledge of the sum of the multiple effects of a reduced sodium diet, no single universal prescription for sodium intake can be scientifically justified." Our results do not contradict his opinion-more data is better. But our results do suggest this data could be even more helpful if it is examined through the lens of an integrated economic and epidemiology model.
Controlling for the endogeneity of riboflavin, fatty acids, and oleic acids also greatly increases the estimated impact of those nutrients on systolic blood pressure. Riboflavin and fatty acids raise blood pressure while oleic acids moderate blood pressure. When endogenous activity choices are accounted for in the estimation, recreational exercise becomes fourteen times more effective at reducing systolic blood pressure, while taking medicine is associated with increased blood pressure.
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The most puzzling result from the twostage estimation is the strong negative effect of cholesterol intake on blood pressure. Curiously, the OLS result also suggested a negative, albeit insignificant relationship. However, because the instruments performed poorly in the first-stage cholesterol equation, the negative effect of cholesterol on blood pressure should be viewed with caution.
Comparisons of the estimated coefficients for observed exogenous health endowments across the two columns exhibit differences in magnitude and statistical significance but not in sign. Treatment for endogeneity makes age less influential. In both columns, age has a U-shaped effect on systolic blood pressure with the minimum occurring early in the third decade of life. However, blood pressure rises faster with age when other health inputs are treated as exogenous. Men have a larger disadvantage in blood pressure in the two-stage estimates, while the impact of education is only modestly different across the two columns.
Impact of Health Endowments on Nutrient and Activity Choices
Unobserved exogenous health endowments may affect an individual's demand for health inputs. This effect can be identified following Rosenzweig and Schultz. The residuals from column 2 of table 2 represent those sources of a person's blood pressure that are uncorrelated with the exogenous elements of nutrient intake, health activity, and demographic variables included in the model. These residuals will include the individual's health endowment, , as well as an error component orthogonal to health input choices. To capture how affects demand for health inputs, Rosenzweig and Schultz suggest conducting auxiliary regressions of individual nutrient and health activity choices on the residuals. The estimated coefficients can be interpreted as identifying how inherited health traits affect behavioral choices concerning health.
The estimated Rosenzweig-Schultz coefficients, labeled ENDOWMENT, are reported at the bottom of table 4. The estimated health endowment effects in the nutrient regressions were no greater than and usually much less than their standard errors. Apparently blood pressure health endowments do not influence nutrient demands. They do, however, influence demand for recreational exercise and for medication. People with higher idiosyncratic blood pressure (i.e., those with poorer health endowments) have significantly lower demand for recreational exercise. Those with poorer heath endowments have significantly higher demand for medication.
Summary and Conclusions
Despite gains in human health over the last century, about one out of every six Americans still has high blood pressure. And while biomedical studies suggest that a person's behavior affects this risk, this work often treats human choice as an exogenous input into epidemiological models of risk assessment. By treating as exogenous what is endogenous, these studies generate biased and inconsistent estimates of risk-overestimating the threat to some people, and underestimating it to others. This study addresses this inconsistency by integrating behavior with an epidemiological model to establish consistent estimates of the response of blood pressure to changes in personal diet, exercise, and medication regimes. We assume that people choose these health inputs, and that economic variables such as wages, food prices, and income influence these choices.
Our results suggest that prices, wages, and income matter in choosing nutrients and health activities; prices, wages and income can be effectively used as instruments in identifying endogenous inputs into the production of health; and controlling for endogeneity makes a difference in estimated impacts of nutrient intake on blood pressure-when behavior is endogenous and measurement error is controlled, sodium intake is associated with lower blood pressure.
Our findings reinforce the idea that economic choice and health status are a twoway street: our choices affect our health, our health affects our choices (Auster, Leveson, and Sarachek) . This seems obvious enough, and yet it is commonly overlooked by both the man in the street and the scientist at work, who generally think of the social and medical disciplines as separate and assume that combining economics with health science would not alter the core of either. The major player in health policy in the United States, the National Institutes of Health (NIH), now acknowledges that choice and health are jointly determined. With its 1997 strategic plan for the Office of Behavioral and Social Science Research, the NIH pressed for a deeper biobehavioral, interdisciplinary perspective within its institutes. This idea behind this biobehavioral research is to combine insight and tools from the "biomedical, behavioral, and social science disciplines to gain a better understanding of the complex, multifaceted interactions that determine healthy and pathological human functioning" (NIH). Our results herein suggest this push to integrate the behavioral sciences into health research deserves serious support. People and society can gain extra health and wealth by a better understanding of how economics can make good health policy better. [Received July 2000; final revision received October 2001.] 
